Scleritis and peripheral ulcerative keratitis (PUK) can present as isolated conditions or as part of a systemic inflammatory or infectious disorder. Both are serious ocular conditions that can result in vision loss and therefore require early diagnosis and treatment. Nearly two-thirds of patients with non-infectious scleritis require systemic glucocorticoid therapy, and one fourth need a glucocorticoid-sparing agent, as well. Essentially all patients with non-infectious PUK require systemic glucocorticoids. Detailed clinical history, thorough physical examination, and thoughtful laboratory evaluations are all important in the exclusion of underlying disorders and extraocular involvement.
Up to 20% of patients with scleritis have little or no pain [12] . The absence of pain is observed in three settings: 1) milder disease (e.g., diffuse anterior or nodular scleritis, as opposed to the necrotizing type [see below]; 2) patients already on immunosuppressive medications at the time their symptoms begin; and, 3) scleromalacia perforans, a rare complication of advanced RA. Other complaints may include tearing, photophobia, and decreased vision. Patients with anterior scleritis usually notice eye redness. Patients with posterior scleritis may complain of ptosis and swelling of the periorbital tissue.
Clinical Findings in Scleritis
Patients with anterior scleritis present with a red eye. However, in some cases, the redness is located underneath the lid and may be easily overlooked without a focused eye examination. The redness has a violaceous hue that is best seen in natural sunlight. Slit lamp examination reveals scleral edema and dilatation of both the superficial and deep episcleral vessels. The eye in patients with scleritis is tender to palpation. Ocular erythema persists after the application of topical phenylephrine. Approximately 25% of patients have bilateral disease at presentation, but scleritis ultimately becomes bilateral in about 50% of patients [3, 12, 13] .
Classification of Scleritis
The Watson and Hayreh classification of scleritis [12] divides the disorder into anterior and posterior types based upon the anatomic distribution of disease. Anterior scleritis is further subdivided into diffuse, nodular, necrotizing with inflammation, and necrotizing without inflammation (scleromalacia perforans). Although these forms of scleritis correspond roughly to different degrees of severity, it is unusual for a case of scleritis to evolve from one type to another, e.g., from diffuse anterior scleritis to necrotizing scleritis.
Diffuse Anterior Scleritis-Diffuse anterior disease, the most common clinical presentation of scleritis, occurs in approximately 60% of patients [3] . Although the onset of disease is insidious, ocular inflammation may involve a substantial proportion or all of the anterior sclera at presentation (Figure 2 ). The normal radial pattern of the episcleral vessels is lost and one may see beading and tortuosity of the vessels. Signs of corneal inflammation such as peripheral corneal infiltrates or mild corneal thinning may be present [13] . Frank corneal ulceration is not typical as it is more common in necrotizing scleral disease (described below). Progression to nodular or necrotizing scleritis has been observed, but is uncommon [3, 14] . Resolution of the ocular inflammation in diffuse anterior scleritis may leave a bluish gray hue caused by rearrangement of the scleral collagen fibers (Figure 3 ). This does not represent scleral thinning, which is an uncommon sequela of anterior scleritis. Systemic disorders have been described in up to 45% of patients with diffuse anterior scleritis, most commonly RA [13, 15] .
Nodular Anterior Scleritis-Nodular scleritis is the second most common clinical presentation of anterior scleritis (Figure 4) , accounting for approximately 20% of scleritis cases [3] . Patients with nodular scleritis present with a firm, immobile, and tender nodule that typically is found close to the limbus. Similar to diffuse anterior scleritis, progression to other forms of scleritis is uncommon [3, 14] . A systemic disease is diagnosed in 40-50% of patients [13] .
Necrotizing Anterior Scleritis with Inflammation-Necrotizing scleritis is the most serious clinical presentation of anterior scleritis. This condition has an older age of onset compared to the other types of scleritis and a higher proportion of patients (50-80%) have an underlying systemic disease [14] . The two diseases most often associated with necrotizing anterior scleritis are Wegener's granulomatosis and RA [13, 16] . Necrotizing scleritis typically requires therapy with glucocorticoids and/or immunosuppressive drugs to control the disease [3] . Patients present with typical signs of anterior scleritis combined with areas of white sclera surrounded by edema and congestion ( Figure 5 ). The areas of white sclera represent capillary closure of the episcleral vasculature, with infarction and necrosis of the underlying sclera. Involvement of adjacent ocular structures, including the cornea, ciliary body, and trabecular meshwork is observed with secondary corneal ulceration, uveitis, or increased intraocular pressure [3] . After resolution of scleritis with appropriate treatment, there is thinning of the sclera with translucency, and the choroid often is seen through the sclera ( Figure 6 ). Despite such thinning, rupture of the globe is rare.
Scleromalacia Perforans (Necrotizing Anterior Scleritis Without Inflammation) -Scleromalacia perforans, also known as necrotizing anterior scleritis without inflammation, is a rare but severe form of scleritis that tends to involve both eyes and presents without redness, pain, or edema. Often there is thinning and atrophy of the episclera and loss of the episcleral vasculature ( Figure 7 ). Localized areas of yellow-white infarcted tissue are seen. Such areas are demarcated clearly from surrounding tissue. Thinning may become so pronounced that the choroid is covered by conjunctivae alone. Given the lack of typical symptoms, patients often present with discolored sclera or blurred vision secondary to astigmatism due to scleral thinning. The classic patient with scleromalacia perforans is an elderly woman with longstanding RA [13] .
Posterior Scleritis-Posterior scleritis is defined as involvement of the sclera by inflammation posterior to the insertion of the medial and lateral rectus muscles. This form of scleritis is difficult to diagnose because of the secluded nature of its ocular inflammation and its non-specific clinical features [13] . Patients may present with deep-seated headaches, pain upon movements of the eye, proptosis, ptosis, double vision, and reduced visual acuity. Ocular examination may be normal or may disclose localized or generalized exudative retinal detachment (21% in one study of 99 patients with posterior scleritis), optic nerve edema (18%), subretinal mass lesion (13%), choroidal effusion (4%), uveitis (2%), and vasculitis (2%) [2] . Posterior scleritis may also be accompanied by macular edema, retinal striae, and choroidal folds.
Patients with posterior scleritis are less likely to have an underlying systemic disease compared to those with anterior scleritis [3, 12] . Diagnosis can be made based on the typical B-scan ultrasonography appearance of thickened sclera with fluid in Tenon's space (Figure 8 ). An ultrasonographic finding referred to as the T-sign is created by hypoechogenic fluid that forms an interface between the optic nerve and the sclera.
Differential Diagnosis of Scleritis
A variety of other etiologies of red eyes must be considered in the differential diagnosis of scleritis. These are shown in Table 1 . Episcleritis refers to inflammation of the superficial vessels within the episclera. Ocular erythema in episcleritis is limited usually to only a sector of the eye and is not associated with pain, vision changes, or discharge. Examination reveals episcleral injection, which is more likely to be bright red than deeply violaceous in color.
The vessels involved in episcleritis are more superficial than those in scleritis, have a radial pattern, and can be moved with a cotton tip applicator. Furthermore, palpation of the area does not result in pain. Phenylephrine blanches the episcleral vessels in episcleritis but will not do so in scleritis. The condition tends to be self-limited but intermittently recurrent. Episcleritis is less likely to be associated with a systemic autoimmune condition than scleritis [17] . Ocular complications are also less likely in episcleritis, with vision loss occurring in none of the 37 patients in one study and only two of 94 (not related directly to episcleritis) in another [3, 17] . Treatment is not necessary unless the redness is bothersome to the patient. Therapy may include topical glucocorticoids and nonsteroidal anti-inflammatory drugs (NSAIDs).
Conjunctivitis can be caused by a variety of processes including bacterial or viral infections, allergies, and prolonged contact lens use. Symptoms include tearing, discharge, and a foreign body sensation. Examination reveals a follicular or papillary reaction of the palpebral conjunctivae. Treatment of bacterial conjunctivitis consists of antibiotic eyedrops. Treatment of viral conjunctivitis is supportive, with cool compresses and artificial tears. Allergic conjunctivitis can also be treated with cool compresses as well as artifical tears and a topical anti-histamine or mast cell inhibitor eyedrops.
Blepharitis refers to inflammation of the eyelid margins. Blepharitis symptoms include burning, tearing, and crusting of the eyelashes. Symptoms are typically worse in the morning. Ocular examination reveals crusting around the eyelashes, oil inspissation, and telangiectasias of the eyelid margin. Treatment for blepharitis involves warm compresses followed by gentle massage to clean the eyelashes and oil gland openings. Oral antibiotics from the tetracycline class are used in more severe cases.
Keratoconjunctivitis sicca (KCS) can also present with red eyes. Symptoms include foreign body sensation and burning, typically worse at the end of the day. Although it is paradoxical, the eyes in KCS may also tear. Examination reveals a decreased tear lake and roughness of the corneal surface. Treatment of KCS includes tear replacement therapy, plugs in the cannuliculi, and topical cyclosporine.
Anterior uveitis refers to inflammation of the iris and ciliary body. Symptoms include pain, sensitivity to light, and blurred vision. The redness is more pronounced over the perilimbal (circumcorneal) region, which overlies the inflamed ciliary body. The pupil can be miotic and poorly reactive to light. Examination reveals cells and flare in the anterior chamber. The first-line therapy for anterior uveitis consists of topical glucocorticoid eyedrops and a mydriatic agent. (Dilating the pupils is essential to the prevention of synechiae between the iris and lens). More severe cases are treated with oral glucocorticoids or immunosuppressive drug therapy.
Systemic Conditions Associated With Scleritis
Fifty percent of patients with scleritis are diagnosed with an associated systemic condition [3, 18] . Disorders associated with scleritis can be divided three categories: inflammatory, infectious, and other (Table 2 ). Autoimmune conditions are found in approximately 40% of patients and infections in approximately 7% [3, 18] . The most commonly associated rheumatic diseases are RA (18-33%); systemic vasculitis (7-19%), of which Wegener's granulomatosis is the most common; systemic lupus erythematosus (SLE)(4-7%); inflammatory bowel disease (4-7%), and relapsing polychondritis (3%) [3, 17] . Less commonly associated conditions include sarcoidosis [19, 20] , cryoglobulinemia [21] , and hypocomplementemic urticarial vasculitis [22] . The most commonly associated infection is herpes zoster [18] .
In patients with scleritis and an associated systemic condition, the underlying disease is already known in about 80% of patients at the time scleritis presents. In one study, approximately 15% of patients were diagnosed with a new systemic condition as a result of the initial evaluation, and an additional 8% developed a systemic disease during follow-up [18] . A systemic vasculitis was more likely to be discovered by the initial diagnostic evaluation than were other rheumatic diseases [18] . Among patients with no systemic diagnosis after initial evaluation, a new rheumatic disease was diagnosed at a rate of 4% per person-year [18] . Among patients with apparent scleritis who have a known underlying inflammatory condition, an important consideration is the exclusion of an infectious complication of immunosuppression.
Clinical, Radiologic, and Laboratory Evaluation
Evaluation should begin with careful history, review of systems, and physical examination. Specific questions should be directed toward symptoms of systemic conditions commonly associated with scleritis including RA, Wegener's granulomatosis, and inflammatory bowel disease. Infectious etiologies also should be considered and a history of trauma or surgical insult should be sought.
Routine testing typically includes a complete blood count and metabolic panel and a urinalysis with microscopy (Table 3 ). In addition, serologic testing for antinuclear antibodies (ANA), antineutrophil cytoplasmic antibodies (ANCA), rheumatoid factor, and antibodies to cyclic citrullinated peptides (anti-CCP antibodies) should also be performed. Additional serologic assays designed to exclude inflammatory conditions (e.g., for complement levels or other types of autoantibodies) may be useful if dictated by the presence of specific clinical features or by the results of initial serologic testing.
Spirochetal infections should be excluded with a rapid plasma reagin (RPR) test, a fluorescent treponemal antibody (FTA-ABS) assay, and serological testing for Lyme disease. Chest imaging should be performed with either a radiograph or computed tomographic (CT) scan. The latter is preferred if suspicion for Wegener's granulomatosis is strong. Other potential directed tests may include a tuberculin skin test, sacroiliac joint radiographs (for spondyloarthropathy), a CT scan of the sinuses, serologies for viral hepatitis panel (hepatitis B and C). When an infectious form of scleritis is suspected, cultures and/or a scleral biopsy may be needed to secure the diagnosis.
If posterior scleritis is suspected, ultrasonography is useful in evaluating the posterior globe for scleral thickening and fluid in Tenon's capsule (Figure 8 ). When fluid in Tenon's capsule is seen in the plane of the optic nerve, the finding is called the "T-sign". CT scan of the orbits also can be of use in posterior scleritis, showing thickening of the sclera or orbital inflammation.
Complications of Scleritis
Scleritis can be associated with significant eye morbidity [13] . Visual loss can result from a number of complications including uveitis, cataracts, corneal melts (see PUK, below), glaucoma, and posterior segment disease. Specific complications of posterior scleritis can include optic disk edema, cystoid macular edema (swelling of the macula), exudative retinal detachment, and choroidal folds (wrinkles in the choroid -the layer of the eye interposed between the retina and sclera). Other less common complications include scleral thinning and globe rupture with minor trauma.
In a retrospective study of 172 patients, anterior uveitis was found in 42% of patients with scleritis, cataracts were detected in 17%, PUK in 14%, glaucoma in 13%, and posterior segment disease in 6% [17] . In that same study, 37% of patients experienced a decrease in vision due to scleritis, defined as a loss of two or more lines of vision during follow up or a visual acuity of 20/80 or worse at presentation. Vision loss was more commonly seen in patient with necrotizing scleritis (82%) [17] . Another retrospective study of 290 patients found that vision loss (defined as a permanent drop in Snellen acuity of two or more lines) occurred in 9% of patients with diffuse anterior scleritis, 26% of patients with nodular scleritis, 74% of those with necrotizing disease, and 84% of those with posterior scleritis [14] . Vision loss (loss of 2 or more Snellen lines from initial best corrected acuity) is much more likely in patients with posterior scleritis (31% [2] ) or an underlying systemic disorder (27% [3] ).
Treatment of Scleritis
In a retrospective study of 97 patients with scleritis, 30% required nonsteroidal antiinflammatory drugs (NSAIDs) alone, 31% required oral glucocorticoids, and 26% required immunosuppressive drugs in addition to glucocorticoids to control their disease [3] . Treatments varied with the specific type of scleritis. Nodular anterior scleritis responded more often to NSAIDs (57%), whereas necrotizing scleritis often required systemic immunosuppressive drugs (70%). Posterior scleritis was more often treated with oral glucocorticoids (83%) and occasionally immunosuppressive drugs (17%) [3] .
A step-ladder approach typically is utilized in the treatment of scleritis. The first line therapy in treating non-necrotizing scleritis that is not caused by an infection is an NSAID. Two drugs NSAIDs have been shown to be effective: flurbiprofen 100 mg three times daily and indomethacin 25-50 mg three times daily [3, 13] . If one NSAID does not relieve the pain and inflammation, another may be tried.
Systemic glucocorticoids are used in three general settings: when NSAIDs prove ineffective; in cases of necrotizing anterior scleritis; and in cases of posterior scleritis. The usual starting dose is 1 mg/kg/day (maximum of 60 mg/daily) followed by a tapering schedule based on clinical response. Table 4 describes the typical tapering schedule used in our clinic. In patients whose disease appears particularly aggressive, pulse methylprednisolone can be administered intravenously at a dose of one gram/day for three days, following by the initiation of prednisone 60 mg/day. The role of depot glucocorticoid treatment is controversial, given the potential risk for scleral perforation with this therapy [24] [25] [26] .
Immunosuppressive drug therapy is instituted under several clinical circumstances: for necrotizing scleritis, which usually requires cyclophosphamide plus glucocorticoids from the outset of treatment; when other types of scleritis are not controlled by one month of high dose glucocorticoids; when more than 10 mg/day of prednisone is required to maintain disease control; and when glucocorticoid-related adverse effects become an issue [3, 27] .
A variety of glucocorticoid sparing agents have been used in the treatment of scleritis (Table  5) . Cyclophosphamide (up to 2 mg/kg/day) is the drug of choice for patients with necrotizing scleritis and in patients with scleritis associated with a systemic vasculitis such as Wegener's granulomatosis [3] . The justification for use of an alkylating agent in such cases is the high risk of progressive ocular damage, extraocular vasculitic lesions, and for death [28] . For patients with non-necrotizing scleritis who require a glucocorticoid-sparing agent, first line treatment typically consists of methotrexate (up to 25 mg/week), azathioprine (up to 200 mg/ day), or mycophenolate mofetil (1 gram twice daily). In a retrospective study that examined the clinical outcomes of 50 patients treated with these agents, 46% achieved disease quiescence and were able to taper their prednisone to ≤ 10 mg/day of prednisone [Galor et al, unpublished data] . Depending on severity of disease, treatment typically is continued for one to two years after control of inflammation.
Possible second-line agents for scleritis include calcineurin inhibitors (cyclosporine or tacrolimus), infliximab, or rituximab [29] [30] [31] [32] [33] . However, none of these agents has been studied rigorously to date. In some cases of necrotizing anterior scleritis or scleromalacia perforans, surgical therapy is required to address extensive scleral thinning and avoid globe rupture. Scleral grafting surgery may be performed with donor sclera, periostium, or fascia lata. Simultaneous efforts to control the underlying inflammation with medical therapy are essential when surgery is required.
The treatment of scleritis with immunosuppressive medications is fraught with the potential for treatment-related morbidity and mortality. Patients on high-dose glucocorticoids and other immunosuppressive agents require careful monitoring, with frequent clinic visits and bloodwork. Patients on cyclophosphamide should have a complete blood count checked not less often than every two weeks. Prophylaxis against Pneumocystis carinii (jiroveci) pneumonia (PCP) is also critical, particularly when the combination of glucocorticoids and another immunosuppressive agent is used. One common approach to PCP prophylaxis is to use trimethoprim-sulfamethoxazole (one single-strength tablet daily). Evaluation for and prophylaxis against glucocorticoid-induced bone loss must also be considered.
Part 2: Peripheral ulcerative keratitis
Peripheral ulcerative keratitis (PUK) is a form of ocular inflammation that involves the outer portions of the cornea and may be associated with systemic conditions such as RA, Wegener's granulomatosis, and other systemic conditions. The most severe complication of PUK, known as corneal melt syndrome, is the progression of marginal corneal thinning to perforation of the cornea. Corneal melt syndromes can lead to the abrupt and permanent loss of vision in the involved eye.
Anatomy of the cornea
The cornea is a transparent, avascular structure that allows light into the eye and serves as the eye's main focusing instrument (Figure 8) . The peripheral cornea, the site of disease in PUK, is distinct from the central cornea both in its anatomic and physiologic characteristics [34] . The peripheral cornea is near the capillary bed and partly derives its nutrients from the capillary arcades [35] . Proximity to this vascular and lymphatic arcade may explain the peripheral location of PUK, as inflammatory cells and mediators can gain access to this part of the cornea more readily.
Epidemiology of PUK
PUK is less common that scleritis, with an incidence of 3 cases per million per year in one study from England [36] . Women and men appear to be affected equally [37, 38] .
Pathogenesis of PUK
The pathogenesis of PUK has not been elucidated completely, but both T cell and antibody mediated pathways have been implicated in the disease process [39] . Abnormal T cell responses have been found in several studies on PUK [39] [40] [41] . It is hypothesized that T cells lead to antibody production and the formation of immune complexes that deposit in the peripheral cornea [42] . The complement pathway is activated with recruitment of inflammatory cells to the cornea. Collagenases and other proteases are secreted by neutrophils and macrophages, which leads to destruction of the peripheral corneal stroma [39] . Histopathologic examinations of cornea and conjunctiva from patients with PUK reveal a multitude of inflammatory cells including plasma cells, neutrophils, mast cells, and eosinophils [39] .
Clinical History in PUK
Patients with PUK present with ocular pain and redness. Other symptoms may include tearing, photophobia, and decreased vision due to astigmatism or corneal opacity.
Clinical Findings in PUK
PUK typically presents as a crescent-shaped corneal ulcer found within 2 mm of the limbus (Figure 9 ). The epithelium is absent overlying the ulcer, and the underlying stroma is thinned. There is a variable amount of cellular infiltrate within the stroma, and inflammation involving the contiguous conjunctiva and sclera. In a review of 47 PUK patients, scleritis was present simultaneously in 36% [37] . Conversely, in a retrospective study of patients with scleritis, 14% of patients also had PUK. PUK is observed most often in patients with necrotizing scleritis and is bilateral in up to 40% of cases [17, 37, 38] . A Mooren's ulcer is a subtype of PUK typified by extreme eye pain, no associated scleral involvement or systemic findings, and an overhanging corneal edge.
Differential Diagnosis of PUK
The differential diagnosis of PUK includes other conditions that affect the peripheral cornea and lead to peripheral corneal thinning or scarring. These include non-inflammatory conditions (e.g., Terrien's marginal degeneration, pellucid marginal degeneration, and senile furrows) as well as others associated with inflammation or infection (e.g., staphylococcal marginal keratitis, phlyctenulosis, vernal keratoconjunctivitis). Other local insults may also lead to peripheral corneal pathology: poorly-fitting contact lenses, corneal exposure, misdirected lashes (trichiasis), and complications of ocular surgical procedures. The presence of keratoconjunctivitis sicca (KCS; see above) and meibomian gland dysfunction must be evaluated in every patient with corneal thinning, as these factors may cause or contribute to peripheral corneal abnormalities.
Systemic Conditions Associated With PUK
As in scleritis, PUK may be associated with systemic conditions and may be an early manifestation of an underlying vasculitis [36, 43] . One retrospective study from a tertiary care referral center reported an underlying systemic disease was found 25 of 47 patients [37] . Although most systemic conditions were known prior at the time of diagnosis, approximately one quarter of the predisposing conditions were undiagnosed, reinforcing the importance of a careful medical history, comprehensive review of systems, and appropriate laboratory testing [37] . RA, found in 34% of patients in one study and 42% in another, was the most common associated disease [37, 38] . Other systemic conditions associated with PUK include the ANCAassociated vasculitides (Wegener's granulomatosis, the Churg-Strauss syndrome, and microscopic polyangiitis), polyarteritis nodosa, relapsing polychondritis, and systemic lupus erythematosus [37, 38] .
In RA, corneal melt usually occurs in a patient with longstanding disease, the same type of patient prone to the development of rheumatoid vasculitis: nodular, erosive, rheumatoid factorpositive. In one study, there was a mean of 19.6 years between diagnosis of RA and PUK [36] . In Wegener's granulomatosis and other forms of systemic vasculitis, corneal melt can occur earlier in the disease course. Regardless of the underlying condition with which it is associated, however, corneal melting can occur swiftly once inflammation begins within the cornea. Visual loss can ensue within days.
Ocular and systemic infections may also cause or be associated with PUK. Microbial pathogens implicated in the etiology of PUK include bacteria (Staphylococcus and Streptococcus species), spirochetes (Treponema pallidum), Mycobacteria (tuberculosis), viruses (hepatitis C, herpes simplex virus, varicella zoster virus), acanthameoba, and fungi [39] .
Laboratory Evaluation in PUK
The clinical, radiological, and laboratory evaluation in PUK is identical to that of scleritis (see above) ( Table 3) .
Complications of PUK
PUK may be associated with significant eye and systemic morbidity. In one retrospective review of 24 patients with scleritis associated PUK, all 24 patients had impending corneal perforation, 16 (67%) had an associated anterior uveitis, and 20 (83%) had decreased vision, defined as a decrease in visual acuity of 2 or more Snellen lines at the end of follow up or visual acuity of 20/80 or worse at presentation [38] . In another retrospective review of 47 patients with PUK, 34% had impending or frank corneal perforations (defined as peripheral corneal thinning of 75-100%), 47% required a tectonic graft procedure, 9% had an associated anterior uveitis, and 43% had visual acuity of 20/400 or worse at presentation [37] . In addition to the high risk of ocular damage from PUK, eye inflammation of this nature is a harbinger of active inflammatory disease in other organ systems with major potential for morbidity and mortality [28] .
Treatment of PUK
The treatment of PUK is determined by the severity of findings within the cornea and the extent of extra-ocular disease. Systemic glucocorticoids are the cornerstone of therapy for noninfectious PUK. Glucocorticoids are started at a dose of 1 mg/kg/day (maximum of 60 mg daily), followed by a tapering schedule based on clinical response. As in scleritis, patients in whom loss of vision is imminent should be treated with pulse methylprednisolone, 1 gram/day for three days. Topical glucocorticoids are not an appropriate therapy for PUK.
Alkylating agents may be used in conjunction with glucocorticoids in cases of PUK with imminent danger of corneal perforation and in cases associated with a systemic vasculitis. Because of the high likelihood of ocular morbidity resulting from ineffective treatment of PUK, the usual approach is to employ both cyclophosphamide (up to 2 mg/kg/day) in addition to high-dose glucocorticoids from the outset of therapy. As with scleritis, steroid-sparing agents are also added when an initial course of high-dose glucocorticoids does not control the disease, when disease control cannot be maintained with less than 10 mg/day of prednisone, and when significant concern related to glucocorticoid-related adverse effects exists [27] . Methotrexate, azathioprine, mycophenolate mofetil, and the biologic agents are all employed in a fashion similar to their use in scleritis (Table 5 ).
The treatment of PUK with immunosuppressive medications is fraught with the potential for treatment-related morbidity and mortality. Patients on high-dose glucocorticoids and other immunosuppressive agents require careful monitoring, with frequent clinic visits and bloodwork. Patients on cyclophosphamide should have a complete blood count checked not less often than every two weeks. Prophylaxis against Pneumocystis carinii (jiroveci) pneumonia (PCP) is also critical, particularly when the combination of glucocorticoids and another immunosuppressive agent is used. One common approach to PCP prophylaxis is to use trimethoprim-sulfamethoxazole (one single-strength tablet daily). Evaluation for and prophylaxis against glucocorticoid-induced bone loss must also be considered.
Surgical resection of conjunctival tissue adjacent to PUK has been promoted as a means of decreasing access of inflammatory cells and factors to the peripheral cornea [37, 44] . This treatment is controversial, as it is not uniformly agreed that resection alters the course of disease. Surgical management of PUK is used in cases of impending perforation to preserve globe integrity. Several surgical options exist depending on the size of perforation. These include the use of a tissue adhesive bandage contact lens, a lamellar graft, and tectonic corneal grafting.
A study of 34 patients with RA-associated PUK and/or necrotizing scleritis found decreased mortality and ocular morbidity in patients treated with immunosuppressive medication [28] . A lower mortality was seen (6% versus 53%) in patients managed with cyclophosphamide (12 patients) or antimetabolite agents (5 patients) compared to those managed with oral glucocorticoids and NSAIDS alone. Progression of ocular disease occurred less often (0% versus 76%) in the former group, as well. Furthermore, no patient treated with immunosuppressive agents developed extraocular vasculitis while on medication. Another retrospective review of 12 patients with RA-associated PUK found that 68% of patients had stable or improved visual acuities after systemic treatment with cyclophosphamide or methotrexate and surgical therapy (required in 63% of eyes) [45] .
A retrospective study of 38 patients with PUK who underwent adjacent conjunctival biopsy found vasculitis in 20 biopsies. Eighteen of the 20 patients were treated with chemotherapy; seventeen had no progression of ulceration. The two patients not treated with chemotherapy stabilized with surgical management. Of 18 patients without vasculitis on biopsy, 11 were treated with chemotherapy. All remained stable or improved with combination surgery and chemotherapy. Of the remaining 7 patients, 6 remained stable after conjunctival resection alone [37] . Diffuse anterior scleritis. In addition to the bright red episcleral vessels, there is a deep violaceous hue to the sclera that indicates scleral inflammation. Active (left) and resolved (right) diffuse anterior scleritis. Resolution of diffuse anterior scleritis in a 50 year-old man with Wegener's granulomatosis after treatment with prednisone and cyclophosphamide. Resolution of the scleral inflammation has left a bluish gray hue that represents rearrangement of the collagen fibers in the sclera. Necrotizing anterior scleritis. Necrotizing anterior scleritis in a 49 year-old woman with hepatitis C associated cryoglobulinemia. Along with nasal episcleral and scleral inflammation, there is an area of scleral whitening that represents an area of necrosis. Resolved necrotizing anterior scleritis. Resolution of idiopathic necrotizing scleritis in a 36 year-old women after treatment with prednisone and mycophenolate mofetil. The sclera is thin and translucent in the area of previous necrotizing inflammation. The choroidal hue can be appreciated through this area. Necrotizing anterior scleritis without inflammation (scleromalacia perforans). The patient presented with scleral necrosis and minimal pain. The bluish scleral hue is created by the transmission of choroidal pigment through the thin sclera. Peripheral ulcerative keratitis. Idiopathic peripheral ulcerative keratitis in a 43 year-old man. A crescent-shaped corneal ulcer with minimal discharge is seen at the nasal limbus. Table 1 Differential diagnosis of scleritis.
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